WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 
A61K 9/12, 9A4, 9/48, 38/00, 38/28 



Al 



(11) International Publication Number: WO 97/41833 

(43) International Publication Date: 13 November 1997 (13.1 1.97) 



(21) international Application Number: PCr/US97/07779 

(22) international FUlng Date: 7 May 1997 (07.05.97) 



(30) Priority Data: 

08/644,681 



8 May 1996 (08.05.96) 



US 



(71) Applicant: INHALE THERAPEUTIC SYSTEMS [US/US]; 

1060 East Meadow Circle. Palo Alto, OA 94303 (US). 

(72) Inventors: PLATZ, Robert, M.; 324 Valdcz Avenue, Half 

Moon Bay. CA 94019 (US). BREWER. Thomas. K.; 
2274 Oakvale Road. Walnut Creek. CA 94596 (US). 
BOARDMAN. Terence, D.; 1742 Sandhill Road, No. 305, 
Palo Alto. CA 94304 (US). 

(74) Agents: HESLIN, James. M. et al.; Townsend and Townsend 
and Crew LLP, 8th Floor, Two Embarcadero Center. San 
Francisco. CA 941 1 1-3834 (US). 



(81) Designated States: AL. AM. AT, AU. AZ. BA. BB. BG. BR 
BY. CA. CH, CN. CU, CZ. DE. DK. EE, ES, FI, GB, GE. 
GH, HU. IL, IS. JP, KE. KG, KP. KR, KZ, LC. LK. LR, 
LS. LT, LU. LV. MD. MG, MK, MN, MW. MX. NO. NZ, 
PL, PT. RO. RU. SO. SE. SG, SI, SK. TJ. TM, TR. TT. 
UA, UG, UZ. VN. YU, ARIPO patent (GH, KE, LS. MW, 
SD. SZ. UG), Eurasian patent (AM, AZ. BY, KG, KZ, MD, 
RU. TJ. TM). European patent (AT. BE. CH. DE, DK, ES, 
FI, FR, GB, GR. IE, IT. LU. MC. NL, PT. SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM. GA, GN, ML. MR. NE. SN, TD. 
TG). 



Published 

With international search report. 
Before the expiration of the time iimit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: DISPERSIBLE MACROMOLECULE COMPOSITIONS AND METHODS FOR THEIR PREPARATION AND USE 



(57) Abstract 

A process for preparing ultrafine powders of biological macromolecules comprises atomizing liquid solutions of the macromolecules, 
drying the droplets formed in the atomization step, and collecting the particles which result from drying. By properly controlling each of 
the atomization, drying, and collection steps, ultrafine dry powder compositions having characteristics particularly suitable for pulmonary 
delivery for therapeutic and other purposes may be prepared. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Aimenia 


Ft 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxemboui^ 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BB 


Barbailos 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


[L 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belanjs 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Nofway 


ZW 


Zimbabwe 


CI 


Cdtc d'l voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


Chins 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazaksian 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri LanlcB 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







wo 97/41833 



1 



PCT/US97/07779 



DISPERSIBLE MACROMOLECULE COMPOSITIONS AND 
METHODS FOR THEIR PREPARATION AND USE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates generally to 
macromolecule compositions and methods for their preparation 
and use. In particular, the present invention relates to a 
method for preparing macromolecule compositions by spray 
drying under controlled conditions which preserve protein 
purity and results in good powder dispersibility and other 
desirable characteristics. 

Over the years, certain drugs have been sold in 
compositions suitable for forming a drug dispersion for oral 
inhalation (pulmonary delivery) to treat various conditions in 
humans. Such pulmonary drug delivery compositions are 
designed to be delivered by inhalation by the patient of a 
drug dispersion so that the active drug within the dispersion 
can reach the lung. It has been found that certain drugs 
delivered to the lung are readily absorbed through the 
alveolar region directly into blood circulation. Pulmonary 
delivery is particularly promising for the deliver^ of 
macromolecules (proteins, polypeptides, high molecular weight 
polysaccharides, and nucleic acids) which are difficult to 
deliver by other routes of administration. Such pulmonary 
delivery can be effective both for systemic delivery and for 
localized delivery to treat diseases of the lungs. 

Pulmonary drug delivery can itself be achieved by 
different approaches, including liquid nebulizers, 
aerosol-based metered dose inhalers (MDI's), and dry powder 
dispersion devices. Aerosol-based MDI's are losing favor 
because they rely on the use of chlorof luorocarbons (CFC's), 
which are being banned because of their adverse effect on the 
ozone layer. Dry powder dispersion devices, which do not rely 



wo 97/41833 PCT/US97/07779 

2 

on CFC aerosol technology/ are promising for delivering drugs 
that may be readily formulated as dry powders. Many otherwise 
labile macromolecules may be stably stored as lyophilized or 
spray- dried powders by themselves or in combination with 
5 suitable powder carriers. 

The ability to deliver pharmaceutical compositions 
as dry powders, however, is problematic in certain respects. 
The dosage of many pharmaceutical compositions is often 
critical, so it is desirable that dry powder delivery systems 

10 be able to accurately, precisely, and reliably deliver the 
intended amount of drug. Moreover, many pharmaceutical 
compositions are quite expensive. Thus, the ability to 
efficiently formulate, process, package, and deliver the dry 
powders with a minimal loss of drug is critical. While the 

15 permeability of natural macromolecules in the lung is well 

known, the combined inefficiencies of macromolecule production 
processes and macromolecule delivery has limited 
commercialization of dry macromolecule powders for pulmonary 
delivery. 

20 A particularly promising approach for the pulmonary 

delivery of dry powder drugs utilizes a hand-held device with 
a hand pump for providing a source of pressurized gas. The 
pressurized gas is abruptly released through a powder 
dispersion device, such as a venturi nozzle, and the dispersed 

25 powder made available for patient inhalation. While 

advantageous in many respects, such hand-held devices are 
problematic in a number of other respects. The particles 
being delivered are usually less than 5 /xm in size, making 
powder handling and dispersion more difficult than with larger 

30 particles. The problems are exacerbated by the relatively 
small volumes of pressurized gas, which are available using 
hand-actuated pumps. In particular, venturi dispersion 
devices are unsuitable for dif f icult-to-disperse powders when 
only small volumes of pressurized gas are available with the 

35 handpump. Another requirement for hand-held and other powder 
delivery devices is efficiency. High device efficiency in 
delivering the drug to the patient with the optimal size 
distribution for pulmonary delivery is essential for a 
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commercially viable product. Conventional techniques used to 
deliver medication do not have the delivery efficiency 
required for commercialization. The ability to achieve both 
adequate dispersion and small dispersed volumes is a 
significant technical challenge that requires that each unit 
dosage of the powdered composition be readily and reliably 
dispersible. 

Spray drying is a conventional chemical processing 
unit operation used to produce dry particulate solids from a 
variety of liquid and slurry starting materials. The use of 
spray drying for the formulation of dry powder pharmaceuticals 
is known, but has usually been limited to small molecule and 
other stable drugs which are less sensitive to thermal 
degradation and other rigorous treatment conditions. The use 
of spray drying for the preparation of biological 
macromolecule compositions, including proteins, polypeptides , 
high molecular weight polysaccharides, and nucleic acids, can 
be problematic since such macromolecules are often labile and 
subject to degradation when exposed to high temperatures and 
other aspects of the spray drying process. Excessive 
degradation of the macromolecules can lead to drug 
formulations lacking in the requisite purity. It can also be 
difficult to control particle size and particle size 
distribution in compositions produced by spray drying. For 
pulmonary delivery, it is critical that the average particle 
size be maintained below 5 (xm, preferably in the range from 
0.4 ^m to 5 /xm, and that the amount of the composition 
comprising particles outside of the target size range be 
minimized. Preferably, at least 90% by weight of the powder 
will have a particle size in the range from 0.1 /xm to 7 fim. 
More preferably, at least 95% will have a size in the range 
from 0.4 ^m to 5^m. Moreover, it can sometimes be difficult 
to achieve a desired low moisture content required for 
physical and chemical stability in the final particulate 
product, particularly in an economic manner. Finally, and 
perhaps most important, it has been difficult to produce the 
small particles necessary for pulmonary delivery in an 
efficient manner. For high value macromolecular drugs, 
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collection efficiencies (i.e., the amount of particulate drug 
recovered from the process in a useable form) should be above 
80% by weight, preferably above 90% by weight, and desirably 
above 95% by weight. While spray drying has been used to 
5 prepare powder of macromolecules in laboratory scale equipment 
as described below, commercial spray driers are not designed 
to produce powders in the pulmonary size range. The methods 
for atomization, drying powder, and collection must be 
modified to economically produce a protein powder with the 

10 desired product characteristics for pulmonary delivery and in 
sufficient yield and at commercially acceptable production 
rates (in excess of 30g/hr) . 

It is therefore desirable to provide improved 
methods for the spray drying of macromolecules for use in 

15 pulmonary and other drug delivery. In particular, it is 
desirable to provide improved process methods and powder 
composition which address at least some of the deficiencies 
listed above, 

20 Description of the Background Art 

U.S. Patent Nos. 5,260,306, 4,590,206, GB 2 105 189, 
and EP 072 046 describe a method for spray drying nedocromil 
sodium to form small particles preferably in the range from 2 
to 15 fim for pulmonary delivery. U.S. Patent No. 5,3 76,3 86, 

25 describes the preparation of particulate polysaccharide 
carriers for pulmonary drug delivery, where the carriers 
comprise particles sized from 5 to 1000 fim and having a 
rugosity less than 1.75. Mumenthaler et al. (1994) Pharni. 
Res. 11:12 describes recombinant human growth hormone and 

30 recombinant tissue-type plasminogen activator. That study 

demonstrated that the proteins may degrade during spray drying 
and -hence may not retain sufficient activity for therapeutic 
use. WO 95/23613 describes preparing an inhalation powder of 
DNase by spray drying using laboratory- scale equipment. 

3 5 WO 91/16882 describes a method for spray drying proteins and 
other drugs in liposome carriers. 

The following applications assigned to the assignee 
of the present application each describe that spray drying may 
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be used to prepare dry powders of biological macromolecules : 
application serial no. 08/423,515, filed on April 14, 1995; 
application serial no. 08/383,475, which was a continuation- 
in-part of application serial no. 08/207,472, filed on March 
5 7, 1994; application serial no. 08/472,563, filed on April 14, 
1995, which was a continuation-in-part of application serial 
no. 08/417,507, filed on April 4, 1995, now abandoned, which 
was a continuation of application serial no. 08/044,358, filed 
on April 7, 1993, now abandoned; application serial no. 
10 08/232,849, filed on April 25, 1994, which was a continuation 
of application serial no. 07/953,397, now abandoned. WO 
94/07514 claims priority from serial no. 07/953,397. WO 
95/24183 claims priority from serial nos. 08/207,472 and 
08/383,475. 

15 

SUMMARY OF THE INVENTION 

According to the present invention, methods for 
spray drying biological macromolecules provide pharmaceutical 
compositions having improved characteristics which overcome at 

20 least some of the deficiencies noted above with respect to 
prior spray drying processes. The methods of the present 
invention comprise providing a predetermined concentration of 
the macromolecule and optionally other excipients as a 
solution, slurry, suspension, or the like, in a liquid medium, 

25 usually in water as an aqueous solution. The macromolecule is 
optionally formulated in solution with compatible excipients 
such as sugars, buffers, salts, and other proteins, as needed 
to provide a therapeutically effective dose, inhibit 
degradation during drying, promote powder dispersibility , and 

30 achieve acceptable physical and chemical stability of the 
powder at room temperature. The liquid medium is atomized 
under conditions selected to form droplets having an average 
particle size at or below a predetermined value, and the 
droplets are then dried under conditions selected to form 

35 particles of the formulation having a moisture content below a 
predetermined threshold level. The dried particles are 
collected and packaged in a form suitable for use, typically 
in a unit dosage receptacle. The conditions of atomizing and 
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drying will preferably be selected so that the particles may 
be dried below the target moisture content in a single drying 
step, and so that the particles are produced in the desired 
size range without having to further separate (e.g., size 
classify) the particles prior to packaging. 

In a first preferred aspect of the method of the 
present invention, the total solids content in the liquid 
medium (including the macromolecule and excipient (s) ) will be 
below 10% usually being in the range between 0.5% and 10% wt . 
Preferably, the concentration will be in the range from about 
1% wt to 5% wt, and the liquid medium will comprise an aqueous 
solution. It has been found that control of the concentration 
of the total solids below 5% significantly enhances the 
ability to obtain dried particles in the desired size range, 
i.e., below 5 ^m, and preferably in the range from 0.4 //m to 
5 /im. 

In a second preferred aspect of the method of the 
present invention, the solution is atomized to produce 
droplets having a median droplet size at or below 11 /im. 
Optimization of the atomizer design and operating conditions 
allows the solids content to be increased to the levels 
described above making high volume production practical and 
economical. Preferably, the atomization step is performed by 
flowing the solution and an atomization gas stream through a 
two-fluid nozzle at a predetermined gas: liquid mass flow 
ratio, preferably above 5. The air pressure upstream of the 
air orifice is maintained above 25 psig. While such air 
pressure is above that which results in sonic velocity, i.e., 
the velocity does not continue to increase above sonic 
velocity, it has been found that increased density of the 
higher pressure atomization gas decreases the droplet size 
produced. 

In another aspect of the method of the present 
invention, the atomized droplets are dried to form particles 
having a final moisture content below 5% by weight. 
Preferably, the particles are dried to this level in a single 
drying operation, typically within a single spray drying 
operation where the droplets are flowed concurrently with a 
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heated gas stream having sufficient heat energy to evaporate 
water in the particles to the desired level before the 
particles are collected from the drying operation. Usually, 
the heated gas stream, typically a heated air stream, will 
have an inlet temperature of at least 90*C, preferably being 
at least 120°C, more preferably being at least 135**C, and 
still more preferably being at least 145^C, and often being 
175^C, or as high as 200°C depending on the macromolecule 
being dried. At least in part, the inlet temperature of the 
heated gas drying stream will depend on the lability of the 
biological macromolecule being treated. In the exemplary case 
of insulin, an inlet temperature in the range from 14 0**C to 
150*^C is preferred. 

In order to control the final moisture content of 
the particles produced in the drying operation, it is 
desirable to also control the gas outlet temperature. The gas 
outlet temperature will be a function of the inlet 
temperature, the heat load imposed by the product drying step, 
(which depends on the inlet temperature of the liquid medium, 
the quantity of water to be evaporated, and the like) , and 
other factors. Preferably, the gas outlet temperature will be 
maintained at at least SO^C or above, preferably at at least 
70°C, usually being in the range from SO°C to 80°C. 

In yet another specific aspect of the method of the 
present invention, the drying conditions will be selected to 
control the particle morphology in order to enhance powder 
dispersibility. In particular, the drying conditions are 
selected to provide particles having a rugosity of at least 2. 
Rugosity is a measure of surface convolution, with a higher 
number indicating a higher degree of surface irregularity. 
Without intending to limit the scope of the present invention 
in any way, it is presently believed that the increase in 
surface irregularity as measured by rugosity results in a 
decrease in cohesiveness between adjacent particles. Such 
decrease in surface interactions, in turn, improves the 
dispersibility of the resulting powders. Particle rugosity is 
influenced by both the drying rate of the individual droplets 
and the composition of the dissolved solids. 
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Droplets are initially dried at a relatively high 
rate which will create a viscous layer of material about the 
exterior of the liquid droplet. As the drying continues, the 
viscous layer is unable to flow as rapidly as the shrinking of 
5 the particle as the solvent evaporates, resulting in surface 
convolutions (wrinkling) of the particles. The viscosity of 
the viscous layer has been related to the glass transition 
temperature of the material by the WLF equation (Williams, 
Landel, Ferry Equation) ref . K. Alexander & C.J. King, Drying 

10 Technology, Vol. 3, No, 3, 1985, The temperature gradient 
within the drying zone should be controlled so that the 
particle drying occurs sufficiently rapidly to result in the 
surface collapse and convolution without preceding so rapidly 
that the particle fractures. 

15 In still another specific aspect of the method of 

the present invention, the dried particles are collected by 
separating substantially the entire particle output of the 
drying step from the gas stream. It has been found that 
proper control of the atomization and drying conditions can 

20 produce a dried powder having at least 90% of the mass of 
particles in the size range from 0.1 to 7 ^m, more 
preferably having at least 95% in the size range from 0.4 /zm 
to 5 pirn, thus permitting the output of the drying step to be 
collected and the powder used without the need to size 

25 classify the product prior to packaging. The collected powder 
may then be used in any conventional manner for powder 
pharmaceuticals. Usually, a portion of the particle output 
will be packaged in a suitable container, such as a unit 
dosage container useful in dry powder inhalers. 

30 In yet another specific aspect of the method of the 

present invention, the powder separation step will comprise 
passing the entire gas stream through a separator, where the 
separator removes at least about 90% by weight of all 
particles having the size of 1 ^m from the gas stream. The 

3 5 separator may comprise a high efficiency cyclone specifically 
designed and operated under conditions resulting in the 
requisite high removal efficiency for the ultrafine particles 
produced by the method of the present invention. 
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Alternatively, the separator may comprise filter elements, 
such as a sintered metal fiber filter, a membrane filter, 
(e.g, a bag filter), or the like. 

The methods of the present invention are useful for 
5 producing dry powders of biological macromolecules, typically 
macromolecules which are suitable for pharmaceutical uses, 
i.e., as drugs for human and veterinary purposes. Biological 
macromolecules include proteins, polypeptides, oligopeptides, 
high molecular weight polysaccharides (typically having a 

10 molecular weight above 2 kD) , nucleic acids, and the like. 

Particular biological macromolecules are set forth in Table 1 
below. The method is particularly useful for producing dry 
powders of insulin, which is a polypeptide hormone having a 
molecular weight of about 7.5 kD or above. Insulin powders 

15 prepared according to the present invention may be derived 
from animal sources, such as bovine insulin, or may be 
prepared recombinant ly. Recombinant insulins may have an 
amino acid sequence identical to that of natural human 
insulin, or may be modified to some extent while maintaining 

20 the desired insulin activity. 

Compositions according to the present invention 
comprise dispersible macromolecule powders intended for 
pulmonary delivery, i.e., inhalation by a patient into the 
alveolar regions of the patient's lungs. The compositions 

25 comprises particles having an average particle size below 

10 |zm and a rugosity above 2, preferably being above 3, and 
sometimes being above 5, usually being in the range from 2 - 
6, preferably being in the range from 3-6, and sometimes 
being in the range from 4-6. Preferably, the particles of 

30 the composition will have a moisture content below 5% by 
weight, more preferably below 3% by weight, and typically 
below 2% by weight. Rugosity may be measured by BET or other 
conventional particle surface analysis techniques. 
Preferably, 90% by weight of the compositions will comprise 

35 particles having a particle size in the range from 0.1 ^m to 
7 /zm, more preferably 95% in the range from 0.4 /xm to 5 /xm. 
The compositions will often be packaged as unit doses where a 
therapeutically effective amount of the composition is present 
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in a unit dose receptacle, such as a blister pack, gelatin 
capsule, or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating the primary 
unit operations of the methods of the present invention. 

Fig. 2 is a more detailed flowchart illustrating a 
system suitable for performing an exemplary method according 
to the present invention. 

Fig. 3 is a schematic illustration depicting a 
preferred atomization nozzle useful for performing the 
atomization step of the method of the present invention. 

Fig. 4 illustrates alternative apparatus for the 
system of Fig. 2 for performing the separation step of the 
method of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention relates to the methods for 
preparing compositions comprising ultrafine dry powder of 
biological macromolecules intended primarily for pulmonary 
delivery to patients for a variety of therapeutic and clinical 
purposes where a first primary aspect of the invention relates 
to control of powder characteristics which enhance use of the 
powders for the intended purposes. A second primary aspect of 
the present invention relates to the compositions themselves 
as well as packaged compositions, particularly including unit 
dosage forms of the compositions. A third primary aspect of 
the present invention relates to the capacity of the 
demonstrated process to produce powders with the desired 
characteristics at a scale that can support market 
requirements of a given drug. 

The term "biological macromolecule" is intended to 
include known and future biological compounds having 
therapeutic and other useful activities. The biological 
macromolecules will typically be proteins, polypeptides, 
oligopeptides, nucleic acids, and relatively high weight 
polysaccharides, and the methods of the present invention can 
reform such compounds into ultrafine dry powders having 
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desirable characteristics/ particularly for pulmonary 
delivery. Some examples of biological macromolecules suitable 
for preparation as ultrafine dry powders according to the 
method of the present invention are set forth in Table 1 
below. Such biological macromolecules will initially be 
solubilized, suspended, or otherwise dispersed in an 
evaporable liquid medium which is then atomized, dried, and 
collected according to the method of the present invention. 
Preferred biological macromolecules include insulin, 
interleukin-1 receptor, parathyroid hormone (PTH-34) , alpha- 1 
antitrypsin, calcitonin, low molecular weight heparin, 
heparin, interferon, and nucleic acids. A detailed example 
for the preparation of insulin compositions using the methods 
of the present invention is set forth in the Experimental 
section below. 
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TABLE 1 

EXEMPLARY BIOLOGICAL MACROMOLECULE DRUGS 





DRUG 


INDICATIONS 


5 


Calcitonin 


Osteoporosis Prophylaxis 
Paget *s Disease 
Hypercalcemia 




Erythropoietin (EPO) 


Anemia 




racior lA 


Hemophilia B 




Granulocyte Colony Stimulating 
Factor (G-CSF) 


Neutropenia 


1 u 


Granulocyte Macrophage Colony 
Stimulating Factor (GM-CSF) 


Bone Marrow Engraftment/Transplant Failure 




Growth Hormone 


Short Stature 
Renal Failure 




Heparin 


Blood Clotting 
Asthma 


15 


Heparin (Low Molecular Weight) 


Blood Clotting 




Insulin 


Type 1 and Type II Diabetes 




Interferon Alpha 


Hepatitis B and C 
Hairy Cell Leukemia 
Kaposi's Sarcoma 




Interferon Beta 


Multiple Sclerosis 




Interferon Gamma 


Chronic Granulomatous Disease 


20 


Imerleukin-2 


Renal Cancer 




Luteinizing Hormone Releasing 
Hormone (LHRH) 


Prostate Cancer 
Endometriosis 




Somatostatin Analog 


Gastrointestinal Cancers 




Vasopressin Analog 


Diabetes Insipidus 
Bed Wetting 


25 


Follicle Stimulating Hormone (FSH) 


Fertility 




Amylin 


Type I Diabetes 




Ciliary Neurotrophic Factor 


Lou Gehrig's Disease 




Growth Hormone Releasing Factor (GRF) 


Short Stature 




Insulin-Like Growth Factor 


Osteoporosis 
Nutritional Support 


J u 


lusuiiuoiropm 


lype II Diat)etes 




Interferon Rem 


ncpaiiiis 13 dno \^ 




Interferon Ganuna 


Rheumatoid Arthritis 




Interleukin-1 Receptor Antag nist 


Rheumatoid Arthritis 




Interleukin-3 


Adjuvant to Chemotherapy 


35 


Interleukin-4 


Immunodeficiency Disease 




Interleukin-6 


Thrombocytopenia 
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TABLE 1 - Continued 
EXEMPLARY BIOLOGICAL MACROMOLECULE DRUGS 



5 


DRUG 


INDICATIONS 




Macrophage Colony Stimulating 
Factor (M-CSF) 


Fungal Disease 
Cancer 

Hypercholesterolemia 




Nerve Growth Factor 


Peripheral Neuropathies 




Parathyroid Hormone 


Osteofy>ro^i<i 

Vu^/A vol 9 


10 


Somatostatin Analog 


Refractorv Diarrheas 




Thymosin Alpha 1 


Hepatitis B and C 




Ilb/IIIa Inhibitor 


Unstable Angina 




Alpha- 1 Antitrypsin 


Cystic Fibrosis 




Anii-RSV Antibody 


Respiratory Syncytial Virus 


15 


Cystic Fibrosis Transmembrane 
Regulator (CFTR) Gene 


Cystic Fibrosis 




Deoxyribonuclease (DNase) 


Chronic Bronchitis 




Bactericidal/Permeability 
Increasing Protein (BPI) 


Adult Respiratory Distress Syndrome (ARDS) 


20 


Ami-CMV Antibody 


Cytomegalovirus 




Interleukin-1 Receptor 


Asthma 




Intcrleukin-1 Receptor Antagonist 


Asthma 



25 The phrase "ultrafine dry powder" means a powder 

composition comprising a plurality of discrete, dry particles 
having the characteristics set forth below. In particular, 
the dry particles will have an average particle size below 
5 /xm, more preferably being in the range from 0.4-5 fim, 

3 0 preferably from 0.4-4 ^m, and most preferably from 0,4 - 
3 /im. The average particle size of the powder will be 
measured as mass mean diameter (MMD) by conventional 
techniques. A particular powder sizing technique uses a 
centrifugal sedimentary particle size analyzer (Horiba Capa 

3 5 700) . The powders will be capable of being readily dispersed 
in an inhalation device and subsequently inhaled by a patient 
so that the particles are able to penetrate into the alveolar 
regions of the lungs. 
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Of particular importance to the present invention, 
the ultrafine dry particle compositions produced by the method 
will have particle size distributions which enable them to 
target the alveolar region of the lung for pulmonary delivery 
5 of systemically acting proteins. Such compositions 

advantageously may be incorporated into unit dosage and other 
forms without further size classification. Usually, the 
ultrafine dry powders will have a size distribution where at 
least 90% of the powder by weight will comprise particles 

10 having an average size in the range from 0.1 /xm to 7/im, with 
preferably at least 95% being in the range from 0.4 /xm to 
5 /xm. Additionally, it is desirable that the particle size 
distribution avoid having an excess amount of particles with 
very small average diameters, i.e., below 0.4 /xm. 

15 Conversely, known powders of therapeutic compounds 

that are inhaled for the treatment of asthma and chronic 
bronchitis need to be delivered more centrally in the airways 
{i.e., not to the alveolar regions). These powders can 
produce an aerosol with a significantly larger particle size 

20 distribution having a mean diameter between 3 and 10 /im. 

Powders of this size are collected more readily in high yield 
in conventional spray driers, than the powders having the 
optimal particle size for pulmonary delivery. 

The term "dry" means that the particles of the 

25 powder have a moisture content such that the powder is 
physically and chemically stable in storage at room 
temperature and is readily dispersible in an inhalation device 
to form an aerosol. Usually, the moisture content of the 
particles is below 10% by weight water, usually being below 5% 

30 by weight, preferably being below 3% by weight, more 

preferably being below 2% by weight, and optionally being 
below about 1% by weight or lower. The moisture content will 
usually be controlled by the drying conditions, as described 
in more detail below. 

35 The term "dry" means that the particles of the 

powder have a moisture content such that the powder is readily 
dispersible in an inhalation device to form an aerosol. 
Usually, the moisture content of the particles is below 10% by 
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weight water, usually being below 5% by weight, preferably 
being below 3% by weight, more preferably being below 2% by 
weight, and optionally being below about 1% by weight or 
lower. The moisture content will usually be controlled by the 
5 drying conditions, as described in more detail below. In some 
cases, however, non-aqueous medium may be used for dispersing 
the biological macromolecules, in which case the aqueous 
content may approach zero . 

The term "therapeutically effective amount" is the 

10 amount present in the composition that is needed to provide 

the desired level of drug in the subject to be treated to give 
the anticipated physiological response. This amount is 
determined for each drug on a case-by-case basis. The term 
"physiologically effective amount" is that amount delivered to 

15 a subject to give the desired palliative or curative effect. 
This amount is specific for each drug and its ultimate 
approved dosage level. 

The therapeutically effective amount of active 
pharmaceutical will vary in the composition depending on the 

20 biological activity of the biological macromolecule employed 
and the amount needed in a unit dosage form. Because the 
subject powders are dispersible, it is highly preferred that 
they be manufactured in a unit dosage form in a manner that 
allows for ready manipulation by the formulator and by the 

25 consumer. This generally means that a unit dosage will be 

between about 0 . 5 mg and 15 mg of total material in the dry 
powder composition, preferably between about 2 mg and 10 mg. 
Generally, the amount of macromolecule in the composition will 
vary from about 0.05%w to about 99.0%w, Most preferably the 

30 composition will be about 0.2% to about 97.0%w macromolecule. 

A pharmaceutically acceptable carrier may optionally 
be incorporated into the particles (or as a bulk carrier for 
the particles) to provide the stability, dispersibility , 
consistency and/or bulking characteristics to enhance uniform 

3 5 pulmonary delivery of the composition to a subject in need 

thereof. The term "pharmaceutically acceptable carrier" means 
that the carrier can be taken into the lungs with no 
significant adverse toxicological effects on the lungs. 
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Numerically the amount may be from about 0.05%w to about 
99.95%w, depending on the activity of the drug being employed. 
Preferably about 5%w to about 95%w will be used. 

Such pharmaceutically acceptable carriers may be one 
5 or a combination of two or more pharmaceutical excipients, but 
will generally be substantially free of any "penetration 
enhancers." Penetration enhancers are surface active 
compounds which promote penetration of a drug through a 
mucosal membrane or lining and are proposed for use in 

10 intranasal, intrarectal, and intravaginal drug formulations. 
Exemplary penetration enhancers include bile salts, e.g., 
taurocholate, glycocholate, and deoxycholate; fusidates, e.g., 
taurodehydrofusidate; and biocompatible detergents, e.g., 
Tweens, Laureth-9, and the like. The use of penetration 

15 enhancers in formulations for the lungs, however, is generally 
undesirable because the epithelial blood barrier in the lung 
can be adversely affected by such surface active compounds. 
The dry powder compositions of the present invention are 
readily absorbed in the lungs without the need to employ 

20 penetration enhancers. 

The types of pharmaceutical excipients that are 
useful as carriers in this invention include stabilizers such 
as human serum albumin (HSA) , bulking agents such as 
carbohydrates, amino acids and polypeptides; pH adjusters or 

25 buffers; salts such as sodium chloride; and the like. These 

carriers may be in a crystalline or amorphous form or may be a 
mixture of the two. 

It has been found that HSA is particularly valuable 
as a carrier in that it provides improved dispersibility . 

3 0 Bulking agents which may be combined with the 

powders of the present invention include compatible 
carbohydrates, polypeptides, amino acids or combinations 
thereof. Suitable carbohydrates include monosaccharides such 
as galactose, D-mannose, sorbose, and the like; disaccharides, 

35 such as lactose, trehalose, and the like; cyclodextrins, such 
as 2-hydroxypropyl-)3-cyclodextrin; and polysaccharides, such 
as raffinose, maltodextrins, dextrans, and the like; alditols, 
such as mannitol, xylitol, and the like. A preferred group of 
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carbohydrates includes lactose, trehalose, raffinoae 
maltodextrins, and mannitol. Suitable polypeptides include 
aspartame. Amino acids include alanine and glycine, with 
glycine being preferred. 

Additives, which are minor components of the 
composition of this invention, may be included for 
conformational stability during spray drying and for improving 
dispersibility of the powder. These additives include 
hydrophobic amino acids such as tryptophan, tyrosine, leucine, 
phenylalanine, and the like. 

Suitable pH adjusters or buffers include organic 
salts prepared from organic acids and bases, such as sodium 
citrate, sodium ascorbate, and the like; sodium citrate is 
preferred. 

The methods of the present invention have been found 
to provide particles which are dispersible and which further 
resist agglomeration and undesirable compaction during 
handling and packaging operations. A particular 
characteristic which has been found to relate directly to such 
improved dispersibility and handling characteristics is the 
product rugosity. Rugosity is the ratio of the specific area 
(as measured by BET, molecular surface adsorption, or other 
conventional technique) and the surface area calculated from 
the particle size distribution (as measured by centrifugal 
sedimentary particle size analyzer, Horiba Capa 700) and 
particle density (as measured by pycnometry) , assuming 
non-porous spherical particles. If the particles are known to 
be generally nodular in shape, as is the case in spray drying, 
rugosity is a measure of the degree of convolution or folding 
of the surface. This may be verified for powders made by the 
present invention by SEM analysis. A rugosity of 1 indicates 
that the particle surface is spherical and non-porous. 
Rugosity values greater than 1 indicate that the particle 
surface is non-uniform and convoluted to at least some extent, 
with higher numbers indicating a higher degree of 
non-uniformity. For the powders of the present invention, it 
has been found that particles preferably have a rugosity of at 
least 2, more preferably being at least 3, usually being in 
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the range from 2-6, preferably being in the range from 3 - 
6, and more preferably being in the range from 4-6. 

Unit dosage forms for pulmonary delivery of 
dispersible dry powder biological macromolecules comprise a 
5 unit dosage receptacle containing a dry powder as described 
above. The powder is placed within a suitable dosage 
receptacle in an amount sufficient to provide a subject with 
drug for a unit dosage treatment. The dosage receptacle is 
one that fits within a suitable inhalation device to allow for 

10 the aerosolization of the dry powder composition by dispersion 
into a gas stream to form an aerosol and then capturing the 
aerosol so produced in a chamber having a mouthpiece attached 
for subsequent inhalation by a subject in need of treatment. 
Such a dosage receptacle includes any container enclosing the 

15 composition known in the art such as gelatin or plastic 

capsules with a removable portion that allows a stream of gas 
(e.g., air) to be directed into the container to disperse the 
dry powder composition. Such containers are exemplified by 
those shown in U.S. Patents 4,227,522 issued October 14, 1980; 

20 4,192,309 issued March 11, 1980; and 4,105,027 issued August 
8, 1978. Suitable containers also include those used in 
conjunction with Glaxo' s Ventolin Rotohaler brand powder 
inhaler or Fison's Spinhaler brand powder inhaler. Another 
suitable unit -dose container which provides a superior 

25 moisture barrier is formed from an aluminum foil plastic 

laminate. The pharmaceutical -based powder is filled by weight 
or by volume into the depression in the formable foil and 
hermetically sealed with a covering foil-plastic laminate. 
Such a container for use with a powder inhalation device is 

30 described in U.S. Patent 4,778,054 and is used with Glaxo 's 

Diskhaler® (U.S. Patents 4,627,432; 4,811,731; and 5,035,237). 
Preferred dry powder inhalers are those described in U.S. 
Patent application serial nos. 08/309,691 and 08/487,184, 
assigned to the assignee of the present invention. The latter 

35 application has been published as WO 96/09085. 

Referring now to Fig. 1, processes according to the 
present invention for preparing dispersible dry powders of 
biological macromolecules comprise an atomization operation 10 
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which produces droplets of a liquid medium which are dried in 
a drying operation 20. Drying of the liquid droplets results 
in formation of the discrete particles which form the dry 
powder compositions which are then collected in a separation 
5 operation 30. Each of these unit operations will be described 
in greater detail below. 

The atomization process 10 may utilize any one of 
several conventional forms of atomizers. The atomization 
process increases the surface area of the starting liquid. 

10 This requires an increase in the surface energy of the liquid, 
the magnitude of which is directly proportional to the area 
increase, which in turn, is inversely proportional to the 
square of the diameter of the droplets. The source of this 
energy increase depends on the type of atomizer used. Any 

15 atomizer (centrifugal, sonic, pressure, two fluid) capable of 
producing droplets with a mass median diameter of less than 
about 11 could be used. Preferred for the present 
invention is the use of two fluid atomizers where the liquid 
medium is delivered through a nozzle concurrently with a high 

20 pressure gas stream. Particularly preferred is the use of 
two- fluid atomization nozzles as described in more detail 
below which is capable of producing droplets having a median 
diameter less than 10 /xm. 

The atomization gas will usually be air which has 

25 been filtered or otherwise cleaned to remove particulates and 
other contaminants. Alternatively, other gases, such as 
nitrogen may be used. The atomization gas will be pressurized 
for delivery through the atomization nozzle, typically to a 
pressure above 25 psig, preferably being above 50 psig. 

30 Although flow of the atomization gas is generally limited to 
sonic velocity, the higher delivery pressures result in an 
increased atomization gas density. Such increased gas density 
has been found to reduce the droplet size formed in the 
atomization operation. Smaller droplet sizes, in turn, result 

35 in smaller particle sizes. The atomization conditions, 

including atomization gas flow rate, atomization gas pressure, 
liquid flow rate, and the like, will be controlled to produce 
liquid droplets having an average diameter below 11 /im as 
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measured by phase doppler velocimetry . In defining the 
preferred atomizer design and operating conditions, the 
droplet size distribution of the liquid spray is measured 
directly using Aerometric's Phase Doppler Particle Size 
5 Analyzer. The droplet size distribution may also be 

calculated from the measured dry particle size distribution 
{Horiba Capa 700) and particle density. The results of these 
two methods are in good agreement with one another. 
Preferably, the atomized droplets will have an average 

10 diameter in the range from 5 /xm to 11 /xm, more preferably from 
6 fxm to 8/im. The gas -.liquid mass flow ratio is preferably 
maintained above 5, more preferably being in the range from 8 
to 10. Control of the gas: liquid mass flow ratio within these 
ranges is particularly important for control of the particle 

15 droplet size. 

Heretofore, it had been generally thought that 
conventional atomization equipment for spray driers was not 
suitable for producing the very fine droplets. (>11 /im) used in 
the present invention. See, e.g. Masters, Handbook of Spray 

20 Drying, 4th ed., Wiley & Sons 1985. It has been found, 
however, that operation of two fluid nozzles within the 
parameters set forth above can reliably achieve spray droplets 
in the desired size range. 

The liquid medium may be a solution, suspension, or 

25 other dispersion of the biological macromolecule in a suitable 
liquid carrier. Preferably, the biological macromolecule will 
be present as a solution in the liquid solvent in combination 
with the pharmaceutically acceptable , and the liquid carrier 
will be water. It is possible, however, to employ other 

30 liquid solvents, such as organic liquids, ethanol, and the 

like. The total dissolved solids (including the macromolecule 
and other carriers, excipients, etc., that may be present in 
the final dried particle) mry be present at a wide range of 
concentrations, typically being present at from 0.1% by weight 

35 to 10% by weight. Usually, however, it will be desirable to 
maximize the solids concentration that produces particles in 
the inhalation size range and has the desired dispersibility 
characteristics, typically the solids concentration ranges 
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from 0.5% to 10%, preferably from 1.0% to 5%. Liquid media 
containing relatively low concentrations of the biological 
macromolecule will result in dried particulates having 
relatively small diameters as described in more detail below. 
5 The drying operation 20 will be performed next to 

evaporate liquid from the droplets produced by the atomization 
operation 10. Usually, the drying will require introducing 
energy to the droplets, typically by mixing the droplets with 
a heated gas which causes evaporation of the water or other 

10 liquid medium. Preferably, the mixing is done in a spray 

dryer or equivalent chamber where a heated gas stream has been 
introduced. Preferably, the heated gas stream will flow 
concurrently with the atomized liquid, but it would also be 
possible to employ counter-current flow, cross-current flow, 

15 or other flow patterns. 

The drying operation is controlled to provide dried 
particles having particular characteristics, such as a 
rugosity above 2, as discussed above. Rugosities above 2 may 
be obtained by controlling the drying rate so that a viscous 

2 0 layer of material is rapidly formed on the exterior of the 

droplet. Thereafter, the drying rate should be sufficiently 
rapid so that the moisture is removed through the exterior 
layer of material, resulting in collapse and convolution of 
the outer layer to provide a highly irregular outer surface. 

25 The drying should not be so rapid, however, that the outer 
layer of material is ruptured. The drying rate may be 
controlled based on a number of variables, including the 
droplet size distribution, the inlet temperature of the gas 
stream, the outlet temperature of the gas stream, the inlet 

30 temperature of the liquid droplets, and the manner in which 
the atomized spray and hot drying gas are mixed. Preferably, 
the .drying gas stream will have an inlet temperature of at 
least 90^0, more preferably being within the ranges set forth 
above. The outlet temperature will usually be at least about 

3 5 70<*C, preferably in the ranges set forth above. The drying 

gas will usually be air which has been filtered or otherwise 
treated to remove particulates and other contaminants. The 
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air will be moved through the system using conventional 
blowers or compressors . 

The separation operation 30 will be selected in 
order to achieve very high efficiency collection of the 
ultrafine particles produced by the drying operation 20. 
Conventional separation operations may be used, although in 
some cases they should be modified in order to assure 
collection of sub-micron particles. In an exemplary 
embodiment, separation is achieved using a filter medium such 
as a membrane medium (bag filter) , a sintered metal fiber 
filter, or the like. Alternatively, and often preferably, 
separation may be achieved using cyclone separators, although 
it is usually desirable to provide for high energy separation 
in order to assure the efficient collection of sub-micron 
particles. The separation operation should achieve collection 
of at least 80% of all particles above 1 fim in average 
particle size, preferably being above 85%, more preferably 
being above 90%, and even more preferably being above 95%, in 
collection efficiency. 

In some cases, a cyclone separator can be used to 
separate very fine particles, e.g. 0.1 /xm, from the final 
collected particles. The cyclone operating parameters can be 
selected to provide an approximate cutoff where particles 
above about 0.1 /im are collected while particles below 01. ^m 
are carried over in the overhead exhaust. The presence of 
particles below 0.1 ^m in the pulmonary powder is undesirable 
since they will generally not deposit in the alveolar regions 
of the lungs, but instead will be exhaled. 

A particular advantage of the method of the present 
invention is that all of the particles produced in the drying 
operation and collected in the separation operation may be 
used for packaging in the desired pharmaceutical packages 
without the need to further separate or classify the particles 
into desired size ranges. This result is a combination of the 
atomization and drying conditions which produce an ultrafine 
dry powder composition having individual particles sized 
within the ranges desirable for pulmonary delivery. Thus, the 
separation operation 3 0 need only separate the particles from 
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the drying gas stream (with an optional 0.4 cutoff), where 
separation is achieved at as high an efficiency as possible 
since substantially all of the collected material is suitable 
for use in the pharmaceutical formulations. 
5 Referring now to Fig. 2, an exemplary process flow 

diagram for performing the method of the present invention 
will be described. The process flow diagram includes a spray 
dryer 50, which may be a commercial spray dryer (adapted for 
the method of the present invention) such as those available 

10 from suppliers such as Buchi, Niro, APV, Yamato Chemical 

Company, Okawara Kakoki Company, and others. The spray dryer 
is fed a solution of the liquid medium (solution feed) 
described above through a supply pump 52, filter 54, and 
supply line 56. The supply line 56 is connected to a 

15 two-fluid atomization nozzle 57, as described below in 

connection with Fig. 3. Atomizing air is supplied from a 
compressor 58, a filter 60, and line 62 to the nozzle 57. 
Drying air is also provided to the spray dryer 50 through a 
heater 65 and a filter 66. 

2 0 Dried particles from the spray dryer 50 are carried 

by the air flow through conduit 70 to a filter housing 72. 
The filter housing 72 includes a plurality of internal filter 
elements 74, which may be bag filters or sintered metal fiber 
filters, such as sintered stainless steel fiber filters of the 

25 type described in Smale, Manufacturing Chemist, p. 29, April 
1992. Alternative filter media comprise bag filters, cloth 
filters, and cartridge filters. In all cases, the gas stream 
carrying the dried particles will flow into the shell of 
separator housing 72, and the carrier gas will pass through 

30 the filter elements 74. Passage of the dried particles, 

however, will be blocked by the filter elements, and the dried 
particles will fall by gravity to the bottom of the housing 72 
where they will be collected in a particle collection canister 
76, The canister 76 may periodically be removed and replaced, 

3 5 and the dry powder in the canister utilized for packaging in 

unit dosage or other forms. The carrier gas will pass out 
from the top of the separator housing 72 through line 8 0 and 
an exhaust fan 84. The filters 82 will collect any particles 
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which may inadvertently pass through the filter media 74, A 
source 90 of high pressure gas is provided for periodically 
producing a pulsed flow of counter- current air through the 
filter media 74. Such pulsed air flow in the reverse 
5 direction will dislodge particles which adhere to the inlet 
side of the filter medium to prevent caking. An exemplary 
system for the production of an insulin powder according to 
the method of the present invention and employing a process 
flow according to Fig. 2 is presented in the Experimental 

10 section below. 

Referring now to Fig. 3, an exemplary two- fluid 
nozzle is illustrated. Flow line 56 includes an inner conduit 
100 and outer conduit 102, The inner conduit 100 carries the 
solution feed and terminates in an orifice 104 having a 

15 diameter in the range from 0.015 in. to 0.075 in., preferably 
from 0.025 to 0.05 in. depending on the liquid flow rate. The 
outer conduit 102 is disposed coaxially about the inner 
conduit 100 and carries the atomizing gas from line 62. 
Conduit 62 terminates in an orifice 110 which is concentric 

20 about the orifice 104 of conduit 100. The diameter of orifice 
110 is typically larger than that of orifice 104, usually 
having a cross-sectional area which is sufficient to produce 
the desired mass flow rate of air with the desired upstream 
pressure . 

25 Optionally, a cooling jacket 120 may be provided 

about the spray nozzle (or between the atomizing gas and the 
solution feed) to maintain a relatively low temperature of the 
solution feed when the solution feed enters the spray dryer 
50. The cooling jacket 120 will typically carry cooling water 

3 0 at a temperature and in an amount sufficient to maintain the 
solution feed temperature below a level at which the 
biological macromolecule might be degraded, usually from 4^C 
to 45°C. Cooling will generally be necessary only with heat 
sensitive macromolecules . Higher solution feed temperatures 

35 result in lower viscosity, where the lower viscosity can 

reduce the droplet size which is formed by the atomization 
operation . 
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Referring now to Fig. 4, as an alternative to use of 
a filter separator 72, as illustrated in Fig. 2, the 
collection operation may be performed by a cyclone 150, The 
cyclone 150 will receive the dried particles through conduit 
5 70 and the carrier gas will pass upwardly through line 80, in 
a manner analogous to that illustrated in Fig. 2. The cyclone 
150 will be designed and operated in a manner to assure very 
high collection efficiencies of the ultrafine particles 
produced by the method of the present invention. The use of a 

10 cyclone will result in some carry over of extremely fine 

particles through the overhead outlet 80. While in some cases 
this may be undesirable, the further separation may be relied 
on to remove particles which are too small to reach the 
alveolar regions of the lung, e.g. below 7 /zm. 

15 The following examples are offered by way of 

illustration, not by way of limitation. 

EXPERIMENTAL 

Example 1 

20 The spray drying equipment configuration is shown in 

Figures 2 and 4. A total of 20 liters of solution was 
processed during the run. The solution contained 250 grams 
(1.25% wt.) of total solids, 20% of which was insulin. The 
balance of the solids was a mixture of mannitol, sodium 

25 citrate and glycine. The solution was fed to the atomizer at 
4**C at a rate of about 44 ml/min using a Watson Marlow 
peristaltic pump and silicone tubing. The actual feed rate 
was controlled by a PID loop using the spray dryer outlet 
temperature as the control variable. The atomizer temperature 

30 control circulation jacket had 4°C water circulated through 

it. The atomizer air was flow controlled and measured using a 
needle valve and glass rotameter at 12 scfm and 3 8 psig. Both 
the air and liquid flows passed through polishing filters just 
prior to entering the atomizer (Millipak 60 and Millipore 

35 Wafergard II F-40 In line gas filters) . The powder was 

collected in a high efficiency cyclone operated at a pressure 
drop of 55 inches H2O. The drying air flow rate was 
controlled by an AC speed control system on the blower drive 
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motor at 100 scfm and was measured at the discharge of the 
blower using an orifice plate and differential pressure 
transducer. The drying air temperature was controlled at 
130°C on a time proportioning PID loop and the 7,5 KW heater. 
5 A total of 225 grams of powder was recovered in four separate 
collectors giving a total yield of 90%. The powder in each 
collector was analyzed as shown in Table 2. 

TABLE 2 

10 



Attribute/Method 


Units 


Coliector 
1 


Collector 
2 


Collector 
3 


Collector 
4 


Moisture 
Karl Fisher 


H2O % wt. 


3.4% 


2.8% 


2.8% 


3.0% 


Panicle size, 
Horiba Capa 700 


MMD 

% < 5 micron 


1.8/im 
100 


1.4 
100 


1.6;im 
100 


1.4 fim 
100 


Aerosol particle size 
Cascade impacior 


MMAD 


3.3 
68% 


ND 


ND 


ND 


Delivered Dose 
Efficiency 
Inhale device, 
gravimetric 


% ± SD 


83 ± 3 


84 ± 5 


84 ± 4 


81 ± 6 


Surface Area 


mVg 


11.3 


11.7 


ND 


ND 


Rugosity 




3.8 


3.9 


ND 


ND 



25 

Example 2 

A total of 2.4 liters of solution was processed. 
The solution contained 100 grams (4.0% wt.) of total solids, 
20% of which was insulin. The balance of the solids was a 

3 0 mixture of mannitol, sodium citrate and glycine. The spray 

dryer used in Experiment 1 was used for this experiment. The 
solution was fed to the atomizer at 4**C at a rate varying with 
outlet temperature using a Watson Marlow peristaltic pump and 
silicone tubing. The actual feed rate was controlled by a PID 

35 loop using the spray dryer outlet temperature as the control 

variable. The atomizer temperature control circulation jacket 
had 45 °C water circulated through it. The atomizer air was 
flow controlled and measured using a needle valve and glass 
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rotameter at 13.8 scfm and 70 psig. Both air and liquid flows 
passed through polishing filters just prior to entering the 
atomizer (Millipak 60 and Millipore Wafergard II F-4 0 In line 
gas filters) . The drying air flow rate was controlled by an 
5 AC speed control system on the blower drive motor at 95 scfm 
and was measured at the discharge of the blower using an 
orifice plate and differential pressure transducer. The 
drying air temperature was controlled at 150®C on a time 
proportioning PID loop and the 7.5 KW heater. Drying outlet 
10 air was varied from 70, 75, and &0^C. The powder collectors 
were exchanged for each temperature setpoint. The powder in 
each collector was analyzed as shown in Table 3. 



TABLE 3 

15 





Attribute/Method 


Units 


Collector 
1 

Inlet Air 

70*»C 


Collector 
2 

Inlet Air 

75*»C 


Collector 
3 

Inlet Air 
80'C 




Moisture 
Karl Fisher 


H2O % wt. 


2.28 


2.02 


1.63 


20 


Panicle size, 
Horiba Capa 700 


MMD 

% < 5 micron 


2.41 

100 


2.69 
82.3 


2.43 fim 
100 




Delivered Dose Eff. 


% ± SD 


71 ± 3 


73 ± 3 


71 ± 2 




Mean Surface Area 

Micrometrics 

Gemini 


mVg ± SD 


6.76 ± .19 


6 ± .02 


8.07 ± .12 


25 


Rugosity 




3.6 


3.9 


3.8 



Example 3 

The spray dryer was reconfigured with a bag house 
30 outfitted with sintered stainless steel fiber filter elements. 
(Fairey Microf iltrex) The equipment configuration is shown in 
Figure 2 . 

A total of 8 liters of solution was processed during 
the insulin run. The solution contained 100 grams (1.25% wt.) 
-35 of total solids, 20% of which was insulin. The balance of the 
solids was a mixture of mannitol, sodium citrate and glycine. 
The solution was fed to the atomizer at 4*'C at a rate of 55 
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ml/min using a Watson Marlow peristaltic pump and silicone 
tubing. The atomizer temperature control circulation jacket 
had 4°C water circulated through it. The atomizer air was 
flow controlled and measured using a needle valve and glass 
5 rotameter at 12 scfm and 42 psig. Both air and liquid flows 
passed through polishing filters just prior to entering the 
atomizer (Millipak -60, and Millipore Wafergard II F-40 In 
line Gas Filter) . The drying air flow rate was controlled by 
an AC speed control system on the blower drive motor at 100 

10 scfm and was measured at the discharge of the blower using an 
orifice plate and differential pressure transducer. The 
drying air temperature was controlled at 145°C on the Niro 7.5 
KW heater. Particle collection was carried out on a modified 
Pacific Engineering (Anaheim, CA) self -cleaning chamber (bag 

15 house or filter housing) , The bag house was brought in house 
and modified to allow the number of filters to be varied. 
Cage and fabric filters were replaced with two Fairey 
Microfiltrex (Hampshire, UK) sintered metal fiber filter. A 
system for reverse pulsing (back flushing the bags with high 

20 pressure air) the filter elements was built into the top of 

the bag house to aid in recovery. The pulse was activated for 
less then one second every 20 seconds. Pulse pressure was 110 
psig. Powder dropped to the bottom of the bag house under 
gravity and mechanical aid (shaking) , The powder in the 

25 collector was analyzed as shown in Table 4. 



TABLE 4 
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Attribute/Method 


Units 


Collector 


Moisture 


HjO % w(. 


4.8% 


Karl Fisher 






Particle size. 


MMD 


1.34 


Horiba Capa 700 






% < 5 micron 


100% 




% < 1.4 micron 


62% 




% < 1.0 


44% 


Delivered Dose Eff. 


% ± SD 


73 ± 2 


Dry Powder device 
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Although the foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
certain changes and modifications may be practiced within the 
5 scope of the appended claims , 
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1 1. A method for preparing dispersible dry powders 

2 of biological macromolecules, said method comprising: 

3 providing an evaporable liquid medium containing a 

4 predetermined concentration of the macromolecule and 

5 excipients ; 

6 atomizing the liquid medium under conditions 

7 selected to form droplets having an average size below 

8 predetermined maximum; 

9 drying the droplets under conditions selected to 

10 form dispersible particles of the composite material 

11 containing the biological macromolecules, said particles 

12 having a moisture content below a predetermined moisture 

13 content, and 

14 collecting the particles with high yields. 

1 2. A method as in claim 1, wherein the total 

2 solids content in the liquid medium is below 10% by weight. 

1 3. A method as in claim 2, wherein the 

2 concentration of macromolecule is in the range from 1% to 5% 

3 by weight . 

1 4. A method as in claim 1, wherein the liquid 

2 medium comprises an aqueous medium, 

1 5. A method as in claim 1, wherein the maximum 

2 mean droplet size is 11 /im. 

1 6. A method as in claim 5, wherein the atomizing 

2 step- comprises flowing the liquid medium and an atomization 

3 gas stream through a two fluid nozzle at a predetermined 

4 gas: liquid mass flow ratio. 

1 7, A method as in claim 6, wherein the gas: liquid 

2 mass flow ratio is above 5. 
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1 8. A method as in claim 7, wherein the fluid 

2 nozzle has a liquid orifice diameter in the range from 

3 0.015 in. to 0.075 in. and wherein the air pressure upstream 

4 of the orifice is maintained above 25 psi . 

1 9. A method as in claim 1, wherein the droplets 

2 are dried to form particles having a moisture content 

3 below 10% by weight. 

1 10 . A method as in claim 9, wherein the drying step 

2 comprises flowing the droplets in a heated gas stream. 

1 11. A method as in claim 10, wherein the droplets 

2 are flowed concurrently with the gas stream and wherein the 

3 gas stream has an inlet temperature above 90*^C. 

1 12 . A method as in claim 11, wherein the gas stream 

2 has an inlet temperature above 90 °C and an outlet temperature 

3 above 50*^0. 

1 13. A method as in claim 1, wherein the droplets 

2 are dried under conditions selected to provide particles 

3 having a rugosity measured by air permeability above 2. 

1 14. A method as in claim 1, wherein the drying step 

2 produces a powder having at least 90% of the mass of particles 

3 in the size range from 0.4 ^m to 5 /xm and the particle 

4 collecting step comprises separating substantially the entire 

5 particle output of the drying step from the gas stream. 

1 15. A method as in claim 14, further comprising 

2 packaging a portion of the separated particles in a container, 

3 wherein the particles have not been size classified prior to 

4 packaging. 



1 16 . A method as in claim 15, wherein the portion is 

'2 packaged in a unit dosage container. 
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1 17. A method as in claim 1, wherein the particle 

2 separating step comprises passing substantially the entire gas 

3 stream through a separator which removes at least about 90% by 

4 weight of all particles having a size above 1 fxm from said gas 

5 stream, 

1 18. A method as in claim 11, wherein the separator 

2 is a sintered metal fiber filter. 

1 19. A method as in claim 17, wherein the separator 

2 is a bag filter, cartridge filter, or cloth filter. 

1 20. A method as in claim 17, wherein the separator 

2 is a high efficiency cyclone. 

1 21. A method as in claim 1, wherein the 

2 macromolecule is selected from the list of macromolecules set 

3 forth in Table 1. 

1 22 . A macromolecule composition prepared by the 

2 method of claim 1, 

1 23 . A dispersible macromolecule composition for 

2 inhalation into the alveolar regions of the lung, said 

3 composition comprising particles having an average particle 

4 size below 5 fim and a rugosity measured by air permeametry 

5 above 2 . 

1 24 . A dispersible macromolecule composition as in 

2 claim 23, wherein the macromolecule is a protein, a nucleic 

3 acid, or a high molecular weight polysaccharide. 

1 25 . A dispersible macromolecule composition as in 

2 claim 24, wherein the macromolecule is a protein selected from 

3 the group consisting of proteins set forth in Table 1 . 



1 

2 



26. A dispersible macromolecule composition as in 
claim 25, wherein the protein is insulin. 
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1 27. A dispersible macromolecule composition as in 

2 claim 23, wherein the particles further comprise a 

3 pharmaceutical carrier. 

1 28. A dispersible macromolecule composition as in 

2 claim 23, wherein the particles have a moisture content below 

3 10% by weight. 

1 29. A dispersible macromolecule composition as in 

2 claim 23, wherein over 90% by weight of the composition 

3 comprises particles having a particle size in the range from 

4 0 . 1 /zm to 7 /zm . 

1 30. A unit dose of a macromolecule comprising a 

2 unit dose receptacle having a therapeutically effective amount 

3 of a macromolecule composition as in claim 23 therein. 
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